The present work deals with the isothermal analysis of worn journal bearing lubricated with Nano-lubricants. The bearing wear affect the oil film thickness and causes a decrease in load carrying capacity of the journal bearing. On the other hand, many works show that the addition of Nano-particles to the oil enhances its viscosity. The main goal of the present work is to investigate the ability of the Nano-lubricant to correct the wear effect on the performance of such bearings. The modified Reynolds equation was solved using finite difference technique to obtain the pressure distribution in the clearance gap of the worn journal bearing. Dufran's model was used to include the effect of wear on the thickness of the oil film. The effect of adding three different types of Nano-particles namely, Dimond, CuO and TiO 2 to the base oil has been investigated. Bearing static characteristics in terms of load capacity, friction force, end leakage and power loss for different eccentricity ratios have been investigated. The mathematical model has been validated for the pressure results obtained in the present work with that obtained by other workers and the results found to be in a good agreement. The results obtained in the present work show that the load carrying capacity enhances by about40%, 9% and 3% for the bearing with wear depth parameter of 0.4, eccentricity ratio of 0.7 lubricated with oil containing TiO 2, CuO and Dimond Nanoparticles respectively in comparison with pure oil lubricated bearing.
INTRODUCTION
Hydrodynamic journal bearings used in a high speed turbomachinery, such as turbine generators, are generally used for long period of times. The bearing wears progressively due to the higher friction force induced during start stop periods. The local change in the bearing geometry due to wear strongly affect the bearing performance. It is well known that the addition of Nanoparticles to the base oil lubricated the journal bearing enhances the oil viscosity and the load carried by the bearing. Wear phenomenon, was a real problem for bearing users which must be taken within the industry. 
Geometry of the bearing
Figure (1) shows the geometrical model of a worn journal bearing considered in the present work. The shaft with radius ( s R ) rotates at a constant angular velocity about its center. The bearing has a radius of ( ).
Mathematical Consideration
The following governing equations are used to represent the mathematical model used in this work.
Reynolds equation
The following non-dimensional Reynolds equation for steady, laminar, and isoviscouse flow was adopted to obtain the oil film pressure in the clearance gap of worn journal bearing Hashimoto et al. (1986) .
Thickness of the Oil film: Thickness of the oil film for the non-worn journal bearing can be expressed as.
Dufran's model for the oil film thickness was adopted to take the effect of the change in bearing geometry on the thickness of the oil film into consideration.
Hashimoto et al.(1986).

cos( ) cos( )
Where:
The starting and ending points of the worn region θ S and θ f can be determined following Hashimoto et al. (1986) .
Boundary Conditions
The solution of the governing equations require the use of the following conditions:
1. The pressure equals to the supply pressure at the oil supply groove i.e at
The pressure equals to the atmospheric pressure at the bearing edges i.e.at .sin( ). .
The total load carried by the bearing can be evaluated as:
While the attitude angle can be evaluated as:
The friction force at the journal and the bearing surfaces of the worn journal bearing in nondimensional can be expressed as 
The velocity component of the oil film along the axial direction is the key factor in the oil flow leakage. The dimensionless leakage flow can be determined using the following relation: Isothermal analysis of a worn journal bearing system required the simultaneous solution of governing equations with appropriate boundary conditions. These equations are numerically solved using the finite difference approach. Iterative procedure with successive under relaxation has been used to obtain the pressure distributions in the oil film. A suitable computer program has been written in FORTRAN90 to solve the governing equations of the problem of the present study. 
Hashimoto et al.(1986).
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DISCUSSION OF THE OBTAINED RESULTS
The static performance characteristics of worn journal bearing, with the operating characteristics summarized in table (1), are discussed her in in terms of load carrying capacity, end leakage, attitude angle, power losses and friction force. Worn bearing with different wear depth parameters and eccentricity ratios lubricated with lubricants containing different types of nanoparticles additives have been discussed. 0.1425 Pa s oil with nano diamond 0.1052 Pa s To validate the mathematical model used in this work the worn bearing pressure distribution obtained in the present study was compared to that obtained by Hashimoto et al.(1986) as presented in figure (2) . The results seems to match good with maximum deviation of 4%. It represents a good validation to the solution procedure adopted to solve the governing equations of the present work. The effect of wear depth parameter on the dimensionless pressure distribution for non-worn and worn journal bearings with different wear depth parameters works at eccentricity ratio of 0.8 lubricated with pure oil is shown in figure (3) . It is clearly shown that the higher the wear depth parameter of the bearing the lower is the load carried . Figure (4) shows the pressure distribution in when the bearing works at an eccentricity ratio of 0.8 lubricated with oil containing nanoparticles of copper oxide, Diamond and titanium dioxide. This figure clearly shown that the oil film pressure increases when the bearing lubricated with oil containing nanoparticles. It is also clear that the pressure becomes higher when the bearing lubricated with oil dispersed with TiO 2 nanoparticles. This is due to higher viscosity of the lubricant in this case. The variation of dimensionless load capacity with the eccentricity ratio for non-worn and worn journal bearing lubricated with the pure oil is shown in figure (5).
This figure shows that the higher the value of the dimensionless wear parameter the lower is the load supported by the bearing . This is due to the lower of the oil film pressure generated in the clearance gap in this case. The decrease percentage in dimensionless load carrying capacity for a defected journal bearing that has different wear depth parameters ( =0.2and ,0.4) works at a wide range of eccentricity ratios has been calculated and reported in figure(6). The effect of adding different types of nano-particles to the oil on the worn bearing load carrying capacity is presented in Figure ( 7) . This figure shows that the load carrying capacity increases with the increase in eccentricity ratio. Also it can be seen from this figure that the load carrying capacity of the bearing is greatly affected by the addition of the nanoparticles to the base oil. The value of load carrying capacity obtained for the bearing lubricated with oil containing Titanium dioxide is approximately 40% higher than that obtained when the it was lubricated with pure oil. The percentages of increase in bearing load carrying capacity have been reported in figure (8). 
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The dimensionless friction force variation with the eccentricity ratio for different worn bearing lubricated with the pure oil is presented in figure (9) . It is clearly depicted that the friction force decreases for the worn bearing with higher wear depth parameter. The percentage decrease can be shown in figure (10). This can be attributed to the decrease in oil shear rate due to the increase in oil film thickness. The effect of lubricating the worn bearing with oil containing different types of nanoparticles can be shown in figure (11) . This figure clearly shows that the induced friction force in the oil film increases with percentages shown in figure (12) when the bearing lubricated with Nano-lubricant. Figure (13) shows that the coefficient of friction increases with the percentages shown in figure (14) for the worn journal bearing with higher wear depth parameter. This can be explained due to the decrease in load carrying capacity in this case. Figures (15) and (16) show that the type of nanoparticles dispersed in the base oil has a little effect on friction coefficient and attitude angle of the bearing since the load of the bearing and the friction force induced varies with different amounts in this case. The variation of the attitude angle with eccentricity ratio for different worn journal bearings lubricated with base oil can be noticed from figure (17). This figure depicts that lower attitude angel can be obtained for the worn bearing with higher values of bearing wear depth parameter . This is be attributed to the decrease of the load components due to the higher wear depth parameter. The percentage decrease in attitude angle due to wear effect has been reported in figure (18) . The worn bearing side leakage seems to increase with the bearing eccentricity ratio for different worn journal bearings as illustrated in figure (19) . The side leakage increases with percentages shown in figure (20) for the worn bearing with higher value of (δ) due to the increase in oil film thickness. Figure (21) shows the effect of using CuO Diamond and titanium dioxide on the oil leakage of the bearing when it is presented against the bearing eccentricity ratios. . It can be seen from this figure that the side leakage decreases with percentages shown in figure (22) in this case. It is clear that the side leakage has the lower values when the bearing lubricated with oil containing TiO 2 nanoparticles. This is due to the increase in oil viscosity with the addition of nano particles. Figure (23) shows that the power loss of the worn bearing decreases with percentages shown in figure (24) for the bearings with higher values of (δ). This is due the decrease in friction force induced in this case. Figure (25) gives the relation between power loss and eccentricity ratio for various lubricants (Diamond, Copper oxide and Titanium dioxide). This figure shows that the power loss increases with percentages shown in figure (26) when the bearing lubricated with Nano-lubricant.
CONCLUSIONS
From the previous discussion the following conclusions can be drawn .
1. The effect of wear is to decrease the load carrying capacity, attitude angle and power losses, and to increase the friction coefficient and flow rate of journal bearings. 2. For the lubricant with TiO 2 Nano-particles the load carrying capacity, friction force and power losses for the worn bearing works at any eccentricity ratio increased by approximately 40% . 3. The side leakage decreases by about 25% for the worn bearing lubricated with oil containing Nano-lubricant when it was compared with that lubricated with pure oil. 4. The attitude angle slightly affected when the bearing lubricated with oil containing different types of Nano-particles. 
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